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Diversity COMMUNICATIONS 


The four types of Diversity Communications 
are discussed: Space; Frequency; 
Polarization; and Time. 


by W. Clem Small, KR6A, CET 


Oost scanning is accom- 

plished with fairly 

“standard” antennas: A rub- 
ber duck; a groundplane; or a vertical 
dipole. These “workhorse” antennas 
all fill an important niche in the activ- 
ities of most scanner operators; we 
have a lot of fun with these skywires. 
This month let’s take a walk on the 
wild side and look at some of the 
more exotic uses of antennas, where 
Special circumstances require some- 
thing out of the ordinary. Let’s discuss 
what is called “diversity communica- 
tions.” 

Diversity communications is the 
name given to a group of techniques 
which are used to combat fading in 
the reception of radio signals. 
Although diversity was originally 
employed only on long-haul reception 
of High Frequency, ionosphere-propa- 
gated signals, where fading is a 
particularly bad problem, these tech- 
niques are quite useful at times for 
VHF UHF and microwave work. 
There are four different types of 
diversity communications: space; fre- 
quency; polarization; and time. 


Types Of Diversity 

Communications 
Space Diversity-Space diversity is an 
effective means of combating the 
effects of fading. It makes use of the 
fact that the strength of an incoming 
radio signal varies from place to place 
over the area in which it the signal 
can be received. The signal may fade 


away in one location and yet be strong 
in another nearby location; in a few 
seconds or minutes the situation may 
reverse. If we could just erect an 
antenna in both locations, and contin- 
ually switch to whichever one 
received the stronger signal, then we 
could reduce the effects of fading and 
have more useful reception. There are 
commercially available equipment 
systems which do this switching auto- 
matically by electronically comparing 
the outputs of two or more antennas, 
and then selecting the stronger signal. 
Other systems combine the signals 
from all the antennas and use this 
combination to maintain a fade- resis- 
tant output. Various kinds of circuitry 
have been developed for this purpose, 
and most diversity systems are com- 
plex and expensive. On the other 
hand, it is possible to approximate 
diversity reception inexpensively in 
ways we will discuss below. 

Use of the term “diversity” in this 
approach refers to the multiplicity of 
antennas used in receiving the signal; 
as we will see below with both fre- 
quency and time diversity, the 
diversity in some systems in based on 
the transmitting end of the communi- 
cations link, rather than on the 
receiving end. Diversity with a two- 
antenna system is called “dual 
diversity”; systems with four antennas 
are called “quadruple diversity.” 


Frequency Diversity—Frequency 
diversity is also quite effective in 


reducing the effects of fading; it 
requires the use of two or more fre- 
quencies simultaneously, and the 
same information is transmitted 
simultaneously on all of these fre- 
quencies. Note that here the diversity 
is in the transmission (two or more 
transmitters); it is even possible to get 
by with just one transmitting antenna. 
A basic frequency diversity receiving 
system can utilize one antenna and 
two or more receivers connected to 
that antenna via a signal splitter. Each 
receiver is tuned to one of the fre- 
quencies on which the information is’ 
being transmitted. Frequency diversi- 
ty is difficult to implement in that it 
requires multiple frequency assign- 
ments, and the RF spectrum is so 
crowded these days that the extrava- 
gance of using multiple frequencies to 
send just one signal does not often 
find approval with regulatory agen- 
cies such as the Federal 
Communications Commission. 


Polarization Diversity— Polarization 
diversity depends on the fact that it is 
common to find that the polarization 
of a radio signal changes as it propa- 
gates from the transmitting antenna to 
the receiving antenna. This can be due 
to various factors such as passage 
through the ionosphere or reflection 
from large surfaces. Regardless of the 
polarization originally given to the 
signal by the transmitting antenna, 
signals often arrive at the receiving 
antenna with a very different polariza- 
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tion than that with which they started. 
By utilizing two or more antennas at 
various polarizations we can employ 
the same sort of electronic, antenna 
selecting or combining equipment as 
with space diversity reception; this 
equipment monitors the output of each 
antenna and either combines the sig- 
nals from all antennas for a 
fade-resistant, combined signal, or 
automatically selects the antenna with 
the best signal, and routes that to the 
receiver’s audio system. The various 
types of diversity reception can be 
combined to produce even more fade- 
resistant results. For instance, 
although polarization diversity is the 
least effective type of diversity recep- 
tion, it can be of value, especially if 
used along with space or frequency 
diversity. We could have antennas at 
two different antenna locations to sup- 
port space diversity, and at each 
location we could have both a horizon- 
tally polarized and a_ vertically 
polarized antenna to support polariza- 
tion diversity. The reduction in fading 
due to the combination of the two 
types of diversity should exceed that 
of either type used alone. 


Time Diversity—One form of diversity 
which is often overlooked in diversity 
discussions is time diversity. A crude 
form of this kind of diversity occurs 
when shortwave broadcast programs 
are transmitted at several times during 
the day; if the signals fade too much at 
one time of day they may come in bet- 
ter (i.e., with less fading) at a later 
time. 

Note that in time diversity as dis- 
cussed thus far the basis of the term 
“diversity” rests on the use of diverse 
times of transmission and reception, 
not on specialized equipment. A more 
sophisticated type of time diversity, 
which does require special automated 
equipment, is incorporated into vari- 
ous forms of digital communications 
such as SITOR, AMTOR and Packet. 
In these systems the information to be 
transmitted is sent in small groups of 
characters, and each group is transmit- 
ted and then automatically 


re-transmitted if the receiving station 
indicates that it did not correctly 
receive that group; re-transmission of 
that group then continues automatical- 
ly until the receiving station signals 
that it has received the group correctly, 
and then the next group is sent. This 
kind of diversity provides extremely 
accurate, virtually error-free commu- 
nications. 


Applications Of Diversity 
Communications 

Data communication links often 
utilize one or more forms of diversity 
reception. In times past, when 
radioteletype was a principle form of 
getting private, military and commer- 
cial messages across the oceans, 
diversity reception was an important 
part of that technology; diversity 
allowed much more efficient message 
exchange than was otherwise avail- 
able. As VHF, UHF and microwave 
frequencies became more important 
avenues of communication, diversity 
systems were developed for these fre- 
quencies too. In particular, 
over-the-horizon communications via 
tropospheric scatter employs diversity 
systems to improve the reliability of 
its data exchange. These systems fre- 
quently utilize quadruple diversity 
equipment. 

Terrestrial microwave communi- 
cations systems operating below 30 
GHz are often plagued by fading 
caused by precipitation, and space 
diversity is frequently employed there 
for that reason. The rule of thumb for 
spacing of the antennas to counteract 
precipitation-caused fading for these 
systems is to use about a 200 wave- 
length long separation; practical 
systems use separations of from 1 to 
30 kilometers. Fading can usually be 
kept to a maximum of 10 dB by these 
systems. 

For other microwave systems 
using diversity to combat less severe 
factors than precipitation, much short- 
er separation distances are acceptable. 
For example, antenna separation dis- 
tances of only about 30 feet are 
practical at 6 GHz. In these systems 


both antennas are mounted on the 
same vertical tower. 

Where frequency diversity is uti- 
lized a minimum separation of 2% of 
the operating frequency is required; 
10% is desirable, but seldom allowed 
due to the crowded band conditions. 

Moving closer to the frequencies 
more likely to provide interesting 
scanning activity, signals on the VHF 
and UHF bands which must pass 
through a long stretch of atmosphere 
often experience seemingly random 
fluctuations in polarization due to 
what is called “Faraday rotation.” This 
is especially apparent when monitor- 
ing transmissions from satellites 
because these signals pass through the 
earth’s atmosphere for quite a dis- 
tance. The usual solution to the 
resulting fading problem is to employ 
a single antenna with what we might 
call an “automatic, built-in diversity.” 
For instance, the crossed dipole anten- 
na provides circular polarization 
which responds well to any polariza- 
tion at any orientation. Although such 
an antenna does introduce a 3 dB loss 
into the communication circuit, it pre- 
vents much greater randomly 
occurring fading losses, some as heavy 
as 30 or more dB, which would result 
from cross-polarization losses with 
ordinary (linearly polarized) antennas. 
And so circular polarization is a 
tremendous advantage at times for 
such work. 

Essentially all the signals which 
we scan on the VHF band are transmit- 
ted with a vertical polarization due to 
the use of vertical whips on the mobile 
units and vertically polarized base-sta- 
tion antennas on that band. For various 
reasons, it is not too uncommon to 
find that those signals, once they have 
reached your receiver, may have any 
polarization from vertical to horizon- 
tal! The Radio Society of Great 
Britain, in the sixth edition of its 
Radio Communications Handbook, 
describes a fairly sophisticated, home- 
brew beam = antenna. with its 
polarization switchable over a wide 
range to combat this problem. As a 
less ambitious solution to this problem 
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they suggest tilting the antenna 45 degrees from the verti- 
MeN AMO cal, so that it is mounted at a slant (fig. 1). Although this 
AT 45 DEGREES causes a loss of approximately 3 dB on vertically polarized 
signals, in the overall a gain of 6 dB is claimed for the 
effect which the slanting has on the varying polarity of the 
signals with which it must deal. 
Many scanner operators have access to the HF band 
now that the newer scanning receivers cover such tremen- 
dously wide portions of the RF spectrum. HF band 
antennas with both horizontal and vertical active elements, 
such as the inverted-L for example (fig. 2), are thought to 
have a “built-in” polarization-diversity effect. Very long 
=  long-wire antennas are sometimes said to have a space- 

diversity effect for obvious reasons. 
Another simple diversity technique, which you may 
FIG.1. A method of slanting a receiving have available via your HF receiver, is to tune an ordinary 
antenna to compensate for signal AM signal to zero beat (no squealing sound remains) in the 
single-sideband mode of reception. As the signal experi- 
ences a fade, by switching from one sideband to the other 
INSULATOR you can sometimes reduce the fading. This is a kind of fre- 

HORIZONTAL ELEMENT 7 A quency diversity; the small change in frequency which 
occurs when you change sidebands can sometimes be 
enough so that one sideband is getting through the atmos- 
phere’s selective fading better than the other sideband! 
A Poor Man’s 

VERTICAL ELEMENT Diversity System 

If you have, or are willing to put up, two or more 
antennas for the same band then you can try this “Poor 
Man’s Diversity System.” The system consists of an anten- 
na switch (fig. 3) and you, as you attend to the incoming 
FEEDPOINT signal level, ready to switch to a different antenna when a 
fade becomes severe. Your antennas can differ in location, 
polarization, or in both of these factors. If you have situa- 
tions in which signals have severe fading it may be worth 
your time to try this simple system. 

That’s it for this month, if you have special antenna- 
related topics you’d like to see covered in this column, 
drop me a line in care of USSN. 


INSULATOR 
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U.S. Scanner News is look- 
ing for writers. If you have 
an article of interest to scan- 
ner hobbyists send it to us. 
" You may find yourself in 
{| Paabeiineterser ||| print. We cannot be held 
responsible for returning 


your material without a 
SASE. Send a SASE for a free 
writers guide: 

U.S. Scanner Publications 


PO Box 14923 
FIG. 3. A manually-controlled recelving-diversity system. Portland, OR 97293 
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